Breast cancer is one of the most frequent female cancers in the Western world. Perturbation of estrogen levels by hormone replacement therapy or pregnancy is associated with a variety of diseases, including breast cancer. Estrogen supplementation is required to establish appropriate animal models for estrogen-related diseases.
Estrogens bind to the estrogen receptor (ER) and subsequently stimulate cancer cell growth by transcriptional regulation of genes involved in cell proliferation. 1) Cancers linked to the presence of estrogen include breast, endometrial and ovarian cancer. Estrogen-responsive cancers are the subject of increasing attention and concern due to widespread use of estrogens in the prevention of postmenopausal osteoporosis. Investigation of estrogen-responsive cancers requires the development of relevant animal models; several models representing modifications of the conventional human tumor xenograft model have been reported. [2] [3] [4] The human tumor xenograft model is one of the most popular animal models of cancer that has been extensively used during the past three decades to validate genes related to cancer and to evaluate drug candidates for cancer therapy. 5) Although inherent flaws were described previously, 6) most current cancer therapy has been developed using this model. Moreover, the clinical predictive value of xenograft model was also reported. 5) To establish appropriate xenograft models of estrogen-dependent cancers, the presence of ER in tumor xenografts and their responsiveness to estrogen is necessary. Therefore, to establish an estrogen-dependent human tumor xenograft model, ERpositive cell lines were inoculated and exogenous estrogen was administered to support the estrogen-dependent growth of the ER-positive cells.
Estrogen-dependent tumor xenograft models are extremely relevant for the study of breast cancer, one of the most common estrogen-dependent cancers in women, especially in the Western world. MCF-7 is a human mammary gland adenocarcinoma, ER expressing cell line. Estrogen-dependent growth of MCF-7 cells in vitro and in vivo has been well described previously. 2, 4) In the process of establishing a MCF-7 tumor xenograft model, we observed the unexplained death of some mice, similar to the experiences of others. [7] [8] [9] The present investigation was undertaken to find an explanation for these deaths. We also examined whether supplementation with a reduced amount of estrogen might support the growth of MCF-7 cells implanted to nude mice.
MATERIALS AND METHODS

Materials
Female BALB/c-nu mice purchased from SLC (Hamahatsu, Japan) were maintained as described previously. 10) All animal experiments were approved by the Institutional Animal Care and Use Committee, Korea Research Institute of Bioscience and Biotechnology. All animals were allowed to acclimate to the local environment for at least one week before use. MCF-7 (ATCC ® Number; HTB-22) cell line was purchased from the American Type Culture Collection (Manassas, VA, U.S.A.) and was cultured in minimal essential medium (MEM; Gibco BRL, Grand Island, NY, U.S.A.) supplemented with 10% fetal bovine serum (Hyclone; Logan, UT, U.S.A.), 2 mM L-glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin. Cells were maintained at 37°C in 5% CO 2 humidified air. Pellets of 17b-estradiol were purchased from Innovative Research of America (Sarasota, FL, U.S.A.). Matrigel was purchased from BD Biosciences (Franklin Lakes, NJ, U.S.A.).
Establishment of MCF-7 Tumor Xenograft Model
Female BALB/c-nu mice were ovariectomized and various concentrations of 17b-estradiol pellet were implanted subcutaneously around left forearm using a trochar. The resulting plasma concentration of 17b-estradiol after pellet supplementation was about 50-500 pM, depending on the concentration of pellets used. MCF-7 cells were harvested and 6ϫ10 6 cells suspended in ice-cold matrigel were injected subcutaneously around the right forearm. Survival of mice was monitored every day. Tumor size was measured three times a week using calipers and calculated using the ellipsoid formula as follows: tumor size (mm 3 )ϭwidthϫlengthϫ thicknessϫ0.524. 11) Upon death, an autopsy was performed and abnormal organs were fixed using 10% formaldehyde for histopathological analysis.
Histopathological Analysis Fixed kidneys were embed-
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ded in paraffin and thin sections were made. The sections were stained with hematoxylin and eosin.
Statistical Analysis
The results are expressed as meanϮS.D. One-way ANOVA and Dunnett's t-test was used for multiple comparisons using GraphPad Prism (GraphPad Software, San Diego, CA, U.S.A.). The criterion for statistical significance was set at pϽ0.05.
RESULTS AND DISCUSSION
To establish an estrogen-dependent MCF-7 tumor xenograft model, we first determined the necessary conditions for growth of MCF-7 cells implanted in nude mice. Unlike other ordinary xenograft models, it has been reported that a couple of additional factors, such as estrogen supplementation and matrigel, are required to establish this model. 3, 12, 13) Therefore, we examined whether these factors are really required for this model and confirmed that estrogen supplementation was necessary for growth of MCF-7 xenografts and that matrigel was crucial to increase the growth rate of tumors (data not shown). Although MCF-7 cells implanted in nude mice grew well under these conditions, we observed the unexpected deaths of some mice. Similar observations have also been reported using estrogen-dependent MCF-7 tumor xenograft models. [7] [8] [9] Saarinen and coworkers reported that while they evaluate the effect of soy protein and flaxseed, a rich source of plant lignans, on tumor growth in estrogen-dependent MCF-7 tumor xenograft model, mice in various treatment groups died before the end of experiment due to unknown reason. 8) It was also reported that when tumor xenograft models were established using various clones of MCF-7 cells stably transfected with connexin 26 with supplementation of 17b-estradiol, a number of mice died for unspecified reasons whatever the injected clone. 9) Moreover, Hirokawa and coworkers reported that when FK228, a histone deacetylase inhibitor, was administered with doses higher than 5 mg/kg to 17b-estradiol pelletsupplemented mice, some mice died for an unknown reason although even 10 mg/kg FK228 alone causes no detectable adverse effect in mice untreated with 17b-estradiol. From these results, they concluded that 17b-estradiol might enhance or uncover potential side effects of FK228 by an unknown mechanism. 7) However, clear reasons responsible for these deaths have not been reported yet.
In this study, we sought to discover the reasons responsible for deaths after 17b-estradiol supplementation. Autopsy results demonstrated an excessive formation of bladder stones in mice supplemented with 17b-estradiol pellets. The affected bladders were larger in size than bladders from mice not implanted with 17b-estradiol; dissection of the affected bladders revealed the cause to be bladder stone formation (Fig. 1A) . Histopathological analysis also revealed renal damage in these mice (Fig. 1B) . Therefore, it is assumed that renal problems and bladder stone formation might be a major cause of death in these mice. Recent study by Yang and coworkers demonstrated that moderate and high doses of hormone replacement therapy are associated with renal damage as well as cardiovascular risk while low doses are not, suggesting that the estrogen dosage might be critical in determining whether hormone replacement therapy leads to renal or cardiovascular disease. 14) Because we have used 60-d release 1.7 mg 17b-estradiol pellets, which is the highest dose of 17b-estradiol commercially available, to establish the MCF-7 tumor xenograft model, we hypothesized that the excessive level of estrogen might have triggered the unexpected deaths. To confirm this hypothesis, we examined the effect of various concentrations of implanted 17b-estradiol pellet on mouse mortality. As shown in Fig. 2 , the survival rate of nude mice was increased by decreasing the concentrations of 17b-estradiol in a dose-related manner. Supplementation with 60-d release 0.18 mg 17b-estradiol pellets produced 80% survival of mice after 28 d, while only 40% of mice supplemented with 60-d release 1.7 mg pellets survived after the same length of time (Fig. 2) . The plasma concentration of 17b-estradiol in mice supplemented with 60-d release 1.7 mg pellets was 444.77Ϯ84.18 pM, which is in the range of physi- ological levels seen in mice during menstrual phase. However, it is likely that longer and continuous exposure to high level of estrogen in our model might cause adverse effects and unexpected deaths. Conversely, the present results suggest that decreasing the concentration of estrogen might be helpful to reduce mortality of mice.
Because the growth of MCF-7 cells is estrogen-dependent, it has been assumed that supplementation with a low dose of 17b-estradiol pellet could cause imparied growth of MCF-7 cells in vivo. To assess this, we examined whether a low concentration of 17b-estradiol pellet could support the growth of MCF-7 xenograft in vivo by supplementing with 90-d release 0.18 mg 17b-estradiol pellets, which is the lowest dose of 17b-estradiol pellet commercially available. As shown in Fig. 3 , tumor growth was observed when 17b-estradiol pellet (0.18 mg, 90-d release) was supplemented while tumor growth was minimal when placebo pellet was used, suggesting that MCF-7 tumors can grow in an estrogen-dependent manner in this model and that the 90-d release of 0.18 mg 17b-estradiol pellet supports the growth of MCF-7 tumors. However, the reduced mortality was not completely abrogated by the low dose of 17b-estradiol, as a small number of unexpected deaths still did occur. It is conceivable that use of an even lower dose of 17b-estraiol or supplementation with a weak agonist of ER might entirely preclude the confounding deaths. However, these latter strategies might also slow or impair the growth of MCF-7 cells in mice, given that the plasma concentration of 17b-estradiol in 90-d release 0.18 mg pellet-supplemented mice was only slightly higher than that of normal mice. Further reductions in the concentration of 17b-estradiol might abrogate the estrogen-dependent growth of MCF-7 cells in vivo. However, further studies are required to solve this problem clearly.
In summary, the results presented in this study suggest that high dose supplementation with estrogen in an estrogen-dependent tumor xenograft model might cause animal death during experiments, but that such unexpected death is due, at least in part, to renal damage and bladder stone formation. Our results also demonstrate that low dose supplementation with estrogen reduces mortality of mice yet is still sufficient to support the growth of estrogen-dependent tumors in nude mice. These observations may be germane in establishing improved animal models for the evaluation of anti-estrogen-based cancer therapies. Vol. 32, No. 1 
